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D riptlon 

[0001] This invention relates to a method of treating a subterranean formation with certain derivatives of guar and 
cellulose 

5 [0002] Petroleum recovery operations, such as well stimulation and gravel packing, often require the use of fluid 
compositions capable of suspending particles. In gravel packing operations, a pack of gravel is placed on the exterior 
of a perforated or slotted liner or screen which is positioned across an unconsolidated formation. The resulting structure 
presents a barrier to migrating sand from the formation while still permitting fluid flow The gravel is carried to the 
formation in the form of a slurry by mixing gravel with a viscosified fluid. Once the gravel is placed in the wellbore. the 

io viscosified carrier fluid is degraded and returned to the surface, 

[0003] Treating fluids are used similarly in stimulating subterranean formations. The viscosified fluid carries a prop- 
ping agent through the wellbore and into both natural fractures and fractures in the formation caused by hydraulic 
pressure Once the desired fracture occurs, the fluid is degraded and returned to the surface leaving the proppant in 
the formation to provide a conductive channel through which formation fluids can flow. In both stimulation and gravel 

is packing operations the most desirable treating fluid reduces friction pressure as the fluid is pumped through the tubular 
goods and transports mo propping agent or gravel to the formation without particle settling in the wellbore during 
placement 

[0004] Treating fluids with these properties are generally comprised of a hydratable polysaccharide, including but 
not limited to guar gu*r derivatives and cellulose derivatives. These polymers viscosity aqueous liquids to form solu- 
20 tions which inhibit particle settling to a limited extent by virtue of viscosity. However, these polymer solutions can ap- 
proach near zeio pmlicte bottling i Hies upon crosslinking with multivalent metal cations to form highly viscoelastic gels. 
The utility of these gels is well known in the art of petroleum recovery operations. 

[0005] Cellulose derivatives are the preferred viscosifying polymers for certain petroleum recovery operations be- 
cause they degrade i e lose viscosity without generating water insoluble particles or residue. The water insoluble 
2S particles arc believed to remain m the formation and may cause formation plugging or impair the pormcability of sand 
or gravel packs. However cellulose derivatives have had limited use in many petroleum applications because most 
derivatives are either salt sensitive or not crosslinkable. Non-ionic derivatives of cellulose are generally not crosslink- 
able because the polymer lacks a site for attachment of a multivalent metal cation. Examples of this type include 
hydroxyalkyl cellulose ethers methyl cellulose, ethyl cellulose, and hydroxyalkyl methyl cellulose. A crosslinkable non- 
30 ionic cellulose derivative has been prepared and described in U.S. patent specification nos. 4,523,010 and 4,552,215 
to which reference should be made. In these specifications, dihydroxypropyl hydroxyalkyl cellulose is prepared by a 
condensation reaction of glycidol with hydroxyethyl cellulose under alkaline conditions. The glycidol addition along the 
HEC polymer chain provides a site of attachment for multivalent metal cations. 

[0006] Anionic cellulose derivatives are normally substituted with carboxy I groups along the polymer chain. The 
35 carboxyl groups complex with polyvalent metal cations, such as aluminum. Gels formed with this chemistry tend to 
have limited structural stability at formation temperatures of about 250 B F (121°C). In addition, carboxylate substituents 
render the polymer salt sensitive, i.e. the viscosity of the polymer in a salt solution is less than the viscosity in water. 
Salt sensitivity is not a desirable property because the aqueous liquids used in recovery operations most generally 
contain chloride salts to inhibit the swelling of formation clays. 
40 [0007] We have now devised a new method of effecting crosslinking in selected graft copolymers of cellulose deriv- 
atives, which are generally non-ionic in character. Methods of grafting monomers on polyhydroxy containing compounds 
are well known in the art. The process is described in U.S. patent specification no. 2,922,768 to which reference should 
be made, U.S. patent specification nos. 4.982.783, 5.067,565 and 5, 1 22,549. to which reference should also be made, 
describe processes by which crosslinkable cellulose derivatives are prepared by grafting vinyl or ally) monomers having 
45 a crosslinkable substituent onto the cellulose derivative. The resulting copolymer is non-ionic and crosslinks readily 
with polyvalent metal cations to form stable viscoelastic gels. 

[0008] The surprising discovery now has been made that certain graft copolymers of hydroxyethyl or hydroxypropyl 
cellulose, prepared by a redox reaction with vinyl phosphontc acid monomers or polymers and hydroxyethyl or hydrox- 
ypropyl cellulose, can be crosslinked by the addition of a Lewis base or Bronsted-Lowry base or mixture of such bases 

so to an aqueous solution, which contains at least a trace amount of at least one divalent cation, containing the graft 
copolymer. The base utilized generally is substantially free of polyvalent metal ions that is, metal ions having more 
than one valence state. The crosslinked gel formed by the addition of the base can be broken by the addition of an 
acid generating compound or othor conventional breakors. The crosslinked gols are particularly useful in potroloum 
recovery operations in that the crosslinked cellulose derivatives provide highly viscous gels that can be degraded 

55 without generating significant quantities of water insoluble residue. The discovery also has been made that guar and 
hydroxypropyl guar can be grafted by the described technique and caused to form crosslinked gels upon the addition 
of a Lewis bas or Bronsted-Lowry base. 

[0009] The invention provides a method of treating a subterranean formation, which method comprises contacting 
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the formation with a tr ating fluid composition which comprises a mixture of (i) an aqueous liquid containing at least a 
trace amount of at least one divalent cation, (ii) a polymer derivative made by reacting one or more of the polymers 
guar, hydraxypropylguar. hydroxyethyl cellulose and hydroxypropyt cellulose, with a vinyl phosphonic acid in the pres- 
ence of a redox system, and (iii) a crosslinking activator comprising a Lewis base or a Bronsted-Lowry base which is 
substantially free of polyvalent metal ions. The composition may contain a particulate agent if desired 
[0010] The present invention also provides a method of crosslinking an aqueous solution of a polymer derivative 
comprising a graft copolymer of hydroxyethyl cellulose, hydroxypropyl cellulose, guar or hydroxypropyl guar. 
[0011] The fluid composition can be used in petroleum recovery operations, such as stimulation, gravel packing and 
other well completion operations such as temporary plugging agents and the like. In these operations, the treating fluid 
performs a variety of functions, for example, a highly viscoelastic fluid is often times required to transport propping 
agents or gravel packing materials to the formation without settling. In addition, the treating fluid must have stable 
viscosity at formation temperatures. The present invention provides such a fluid. 

[001 2] An aqueous liquid is used to solubilize the novel copolymer of the present invention. The term "aqueous liquid" 
is used herealler to mean any liquid containing sufficient water to at least partially hydrate the copolymer and result in 
an increase m the viscosity of the fluid. Aqueous liquids used m petroleum recovery operations normally contain sodium 
chlonde potassium chloride, calcium chloride, sodium bromide and other bromides, tetramethylammonium chloride 
or the like to weight the fluid or inhibit the swelling of clays generally found in subterranean formations The pH of the 
aqueous liquid must be compatible with the selected crosslinking agent and must not adversely affect the hydration of 
Ihe copolymer Such liquids generally contain at least a trace amount of at least one divalent cation, generally in the 
20 lorm ol contaminants in the aqueous liquid. 

[0013] In one embodnnenl of the present invention, the crosslinkable copolymers are prepared by reacting certain 
vinyl monomers comprising vinyl phosphonic acid (VPA), with a cellulose derivative using a redox system comprising 
eerie ions and nitric acid. The generalized reaction is believed to be represented by the formula 
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30 



35 
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Ce + RCH,OH »* B -» Ce m + H + + RCH 2 0 

whore B is Ihe ceric-alcohol complex. RCHjOH is the cellulose derivative and RCH 2 0- is a free radical Graft copoty- 
monitions of cellulose commonly use chemical initiators, such as eerie ions. In acid media, eerie ions oxidire 1 2-gly- 
cols with the formation ol a free radical on a reducing agent, which is the cellulose derivative in this case The free 
radical produced on the cellulose derivative initiates polymerization with the vinyl group of the monomer to produce 
the grail copolymer. 

[0014] The cellulose derivative of this invention is preferably a hydroxyalkyl cellulose having a hydroxyalkyl molar 
substitution from about 1 .5 to about 3.0. Molar substitution is defined as the average number of moles of a substituent 
group present per anhydrogluclose unit of the cellulose material. The alkyl group is selected from the group of ethyl 
propyl and mixtures thereof. The preferred hydroxyalkyl cellulose is hydroxyethyl cellulose (HEC) having a molar sub^ 
st.tul.on in the range of about 1.8 to about 2.5. Preferably in this invention, the hydroxyalkylation of the cellulose is 
preformed in a separate reaction. Hydroxyethyl cellulose is usually formed by reacting ethylene oxide with cellulose 
under extreme alkaline conditions and is available commercially. 
[001 SJ The copolymers of the present invention are rendered crosslinkable by grafting monomers comprising a vinyl 
phosphonc acid to the cellulose derivative. The monomers have the reactive CH-C- moiety that is believed to enable 
the monomer to attach to the cellulose derivative. 

10016] Typically, gralt copolymenzations are carried out in aqueous media wherein the polymer is dissolved or dis- 
■» porsod Copolymers ol this invention were prepared in acetone (55% to 90%) and water (45% to 10%) or methanol 
(about 70%) and water (about 30%). Reactions were carried out in a 1 liter kettle with a stirrer or a 1 liter jar at about 
20'C to about 60'C. The ratio of cellulose derivative to aqueous medium ranges from about 1 gram per 100 ml to 
about 1 g,am pe. 2 ml. The preferred ratio is from about 1 gram per 6 ml lo 1 gram per 4 ml. The ratio of cellulose 
derivative to grafting VPA monomer ranges from about 3 gram per 1 ml to about 25 gram per 1 ml. The prelerred ratio 
so is from about 6 gram per 1-ml to about 1 6 gram per 1 ml. 

[0017] The polymerization reaction of the present invention may be chemically initiated by a redox system comprising 
eerie ions in acidic med.um. Ceric ions may be provided, for example, by sails such as eerie nitrate, eerie sulfate eerie 
ammonium nitrate, and ccric ammonium sulfate. Tho preferred coric initiator of tho present invention is a solution of 
ceric ammonium nitrate in 1 N nitric acid. Ceric ammonium nitrate is present in an amount of from about 0 00075 mole 
5 P<»r 100 ml to about 0.005 mole p r 100 ml reaction medium. 

[001 8] The ceric initiator may b added slowly to the reaction material over a time p riod of about 30 to 90 seconds 
or longer React.on times vary from about 10 minut s to 20 hours d p nding on reaction conditions or the particular 
grading monomer Grafting reaction efficiency is generally less than about 50% After the reaction is complete the 
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polymerization product is washed with acetone, filtered, and dried. 

[001 91 In another embodiment of the present invention, the crosslinkable copolymers are prepared by reacting certain 
vinyl monomers having a crosslinkable substituent with a cellulose derivative using a redox system comprising the 
reaction product of hydrogen peroxide with a ferrous salt. The generalized redox reaction is believed to b represented 
s by the formula: 

H 2 0 2 + Fe +2 -» HO* + HO" + Fe +3 

io and the generalized initiation reaction is believed to be represented by the general formula: 

RCH 2 OH + HO* -» H 2 0 + RCH 2 0* 

is [0020] An advantage of this initiator is that radical production occurs at a reasonable rate over a wide temperature 
range whereby reactions can be carried out at room temperature, if desired. The free radical produced on the cellulose 
derivative initiates polymerization with the vinyl group of the monomer to produce the graft copolymer. 
[00211 Typically, the graft copolymerization is carried out in aqueous media wherein the polymer is partially dissolved 
or dispersed Copolymers were prepared in acetone/water mixtures containing from about 55 to about 90% acetone. 
so Reactions were carried out in a 1 liter keltle with a stirrer or a 1 liter jar at a temperature ol Irom aboul 20 to about 
60°C The ratio of cellulose derivative to aqueous medium ranges from about 1 gram per 100 ml. to about 1 gram per 
2 ml The preferred ratio is from about 1 gram per 2 to 5 ml. The ratio of cellulose derivative to grafting VPA rnonomer 
ranges from about 5 to about 40 grams per 1 gram of monomer. The preferred ratio is from about 6 to about 16. It b 
to be understood that the ranges set forth above are merely exemplary and that other temperatures, concentrations 
25 and the liko maybo utilizod to proparo tho reaction product. 

[0022] The polymerization reaction of this embodiment of the invention is chemically initiated by a redox system 
comprising the reaction product of hydrogen peroxide with a ferrous salt Ferrous ions may be provided, for example, 
by salts such as ferrous ammonium sulfate, ferrous chloride, ferrous sulfate, ferrous acetate, ferrous oxalate ferrous 
acetylacetonate and the like. A preferred source of ferrous ions is ferrous ammonium sulfate. Alternatively, other com- 
30 monly used metal ion reductants may be utilized in place of the ferrous ions to generate the free radicals necessary 
to effect grafting and other forms of hydrogen peroxide such as t-butylhydroperoxide may be used. 
[0023] The initiator may be added slowly to the reaction material over a time period of about 30 to 90 seconds or 
longer Reaction times vary from about 15 minutes to about 4 hours depending upon the reaction conditions or the 
particular grafting monomer. Grafting reaction efficiency (% of monomer grafted) is generally less than about 75%. 
35 After the reaction is complete, the polymerization product is washed with acetone, filtered and dned. 

[0024] In a preferred method of effecting the graft copolymerization, the grafted polymer product is retained in a 
substantially storage stable slurry lorm. Typically, the media comprises a polyglycol. such as polypropylene glycol 
having molecular weights up to about 1000 such as PPG-250 to PPG-1000 from Texaco Chemical Co., vanous poly- 
ethylene glycols and homopolymers of 1 ,2 butylene oxide having a molecular weight of from about 200 to about 400 
which are present in an amount of from about 70 to about 95 percent by weight of the media and the remainder generally 
being water The media also may comprise tetramethylammonium chloride in a similar amount or in admixture with a 
polyglycol In a preferred embodiment the polyglycol comprises from about 86 to 92 percent by weight ofthe media 
Reactions were carried out in a 5 liter kettle with a stirrer at a temperature of from about 20 to 60*C. The ratio of 
cellulose derivative to media ranges from about 1 gram per 100 ml to about 1 gram per 2 ml. The preferred ratio is 
45 from about 1 gram per 2 to 5 ml. The reaction media also may Include a quantity of a dispersant or thixotrope such as 
alkyl quaternary ammonium montmoriltonite (Claytone AF from E.C.C. America. Inc.) or dimethyldicocoammon.um 
chloride to facilitate dispersion of the polymer in the media and improve suspension properties. The grafting reaction 
is performed as previously described using an appropriate redox system such as the ferrous salt with a source of 
peroxide Since the metal ions are not removed from the product by washing as when a dry product is formed, a 
so sequestrant for the metal ions may be added to the slurry at the conclusion of the reaction. The polymerization product 
has been found to remain readily dispersible or suspended in the slurry form over a period of time to facilitate storag 

[0026] Thte method of grafting functions equally well for guar and hydroxypropyl guar to which vinyl phosphonic acid 
is grafted. The grafting conditions are as described above. 
55 [0026] Graftcopolymersof thepresent invention solubilizein aqueous liquids and substantially increase the viscosity 
of aqueous liquids. The viscosity of the copolymer solution may be further increased with the addition of a selected 
crosslinking activator or agent which effects an initiation of a crosslink interaction. Preferred crosslmkmg activators or 
agents in accordance with this invention comprise Bronst d-Lowry or Lewis bases which gen rally are substantially 
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free of polyvalent metal ions that is. metal ions having mors than on valence state. Suitable compounds include for 
example, calcium oxide, magnesium oxide and compounds selected from the group of mono, di and trialkanol amines 
such as tnethanolamine. sodium hydroxide, potassium hydroxide, ammonia, various cocoamines such as Bis(2-hy- 
droxyethyl) cccoamine, various pentamines such as tetraethylenepentamine. and various other water soluble amines 
such as propyldiethanolamine. triethybmine, various water soluble borates such as the commercially available product 
Polybor. an admixture of boric acid and borate salts, from U.S. Borax and the like in the presence of a divalent cation 
such as calcium or magnesium, which is present in at least a trace amount and which may be present in the aqueous 
liquid utilized to hydrate the copolymer or added as an additional component to the aqueous liquid. Such compounds 
generally are substantially free of polyvalent metal ions, that is, metal ions having more than one valence state A 
particularly preferred crosslinking agent is magnesium oxide. As a result of the limited solubility of magnesium oxide 
in an aqueous solution, the rate of crosslink development is retarded or delayed such that a gelled fluid can be readily 
pumped into a wellbore for entry into a subterranean formation before significant crosslinking occurs in the fluid 
[0027] A surprising effect has been noted in the crosslinking of the polymer of the present invention in aqueous fluids 
containing salts. It has been found that when the polymer is hydrated in deionized water to which a small quantity of 
HCI has been added to facilitate hydration, the pH must be raised by the addition of the crosslinking activator to a level 
of about 6 before any significant crosslinking occurs. When the polymer is hydrated in an aqueous salt solution such 
as tor example CaCI 2 brine to which a small quantity of HCI.is added, the pH at which crosslinking occurs is substantially 
lower. For example, in a 9 pound per gallon (1078 gtf) density CaCfe brine, crosslinking has been found to occur at a 
F>H of about 4.5 and when a 1 3.5 pound per gallon (1618 gtf) density Cada/CaBr., brine is employed, crosslinking was 
found to occur after the addilion of sufficient crosslinking activator to raise the pH of the solution to a level of abouH 5 
[0028] While the specific mechanism by which the crosslinking occurs is unknown, it is believed that the crosslink is 
formed through the phosphorus moiety in the graft polymer which is activated by the presence of the Lewis or Bronsted- 
Lowry base. 

[0029] While the following description-will be directed to the use of magnesium oxide as a crosslinking activator or 
agent, it is to bo yndorstood that tho described mothod would apply gcnorally to any of tho other suitable crosslinking 
activators of the present invention. A base gel is prepared by hydrating the previously described graft copolymer of 
hydroxyethyl cellulose, hydroxypropyl cellulose, guar or hydroxypropyl guar in an aqueous fluid at a pH in the rang 
ot from about 0. 1 to about 3.5. The graft copolymer can be admixed with the aqueous fluid in an amount of from about 
10 to about 300 pounds per 1000 gallons (1 to 36 g/f) of fluid. After the gelling agent has substantially hydrated th 
so base gel is admixed with a quantity of magnesium oxide. 

[0030] The mixing can be effected in substantially any conventional mixing apparatus. The magnesium oxide gen- 
erally is admixed with the base gel in an amount of from about 3 to about 30 pounds per 1000 gals (0 4 to 4 g/f) of 
base gel. In a preferred method of addition, the magnesium oxide is added as an aqueous slurry to facilitate handlina 
of the material. a 

[0031] The fluid admixture containing the magnesium oxide then is introduced into a wellbore penetrating a subter- 
ranean formation. As the fluid is heated by passage down the wellbore the solubility of magnesium oxide in the fluid 
increases and the rate of crosslinking accelerates to form a crosslinked gelled fluid for treatment of the subterranean 
formation. When the fluid is to be used in, for example, a fracturing treatment, suitable particulates comprising any of 
the vanous matenals known as propping agents may be added to the fluid. Similarly, if the fluid is to be used to perform 
a gravel pack operation, graded particulates may be added to the fluid before entry into the wellbore to form an appro- 
priate gravel pack in a desired zone of a wellbore within a subterranean formation. 

[0032] The fluid also can.contain any other conventional additive such as gel stabilizers, breakers clay stabilizers 
bactericides, fluid loss additives and the like which do not adversely react with the fluid to prevent its use in a desired 
manner 
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[0033] The following examples are provided to illustrate the utility ot the composition of the present invention however 
the invention is not to be considered as limited by these examples. 



EXAMPLE I 



[0034] To a 5 liter round bottom kettle, equipped with a stirrer, temperature controller and a N 2 sparge tube the 
following reactants were added, about 2380 grams of PPG-400 (polypropylene, glycol from Texaco Chemical Co ) and 
about 60 grams Claytone AF (alkyl quaternary ammonium montmorillonite from E.C.C. America. Inc. ) The mix is stirred 
and nitrogen gas sparging is begun. Thereafter 1079 grams of hydroxyothyl cellulose (MS of about 2 2) is added and 
heating is initiated to slowly raise the temperature to about 40»C (generally 30 min to 1 nr.). After t mperature is 
r ached, th temp rature is maintained for about 1 hour to r move oxygen contamination. 

[0035] While the abov mixture is being heated about 31 9 grams of deionized wat r are admixed with about 1 0 5 
grams of f rrous ammonium sulfate (reag nt grade) in an erlenmeyer flask, whil sparging, and dissolved To this 
mixture is added about 1 21 grams of vinyl phosphonic acid from Hoechst Celanese Corporation and mixmg and sparg- 
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ing is continued until the materials are dissolved. Th solution then is added at the end of the sparging period to th 
5 liter kettle 

[0036] The temperature is maintained while stirring and sparging and after about 1 hour 17.3 grams of 70% t-butyl- 
hydroperoxide is added to the kettle which th n is allowed to react for about an hour. After the reaction is completed, 

s a sequestrant. such as DEQUE ST® 2010 from Monsanto Company, is added to the slurry to sequester th metal ions 
present and stirred. The reaction mixture then is permitted to cool. The reaction produced a 30% active polymer slurry 
[0037] A one (1 ) liter sample is prepared by mixing a sufficient quantity of the polymer with tap water to yield a 120 
pound HEC/1000 gallon (14 g/f) solution. To facilitate hydration, sufficient acid, such as 15% hydrochloric acid, is 
admixed with the solution to correspond to about 10 gallons (38f ) per 1000 gallons (3785f ) of solution. The acid may 

io be omitted or lesser quantities may be used if slower hydration is acceptable or desired. It is to be understood that 
other acid concentrations also could be utilized. 

[0038] After being permitted to hydrate to form a gel, the gel is admixed with the equivalent of about 15 pounds per 
1000 gallons (2 g/f) of magnesium oxide in the form of an aqueous slurry and a sample is evaluated with a FANN 
Model 35® viscometer. The pH of an aliquot sample also is monitored. The viscometer is equipped with a #1 spring, 
is standard bob and sleeve. The results of the test are set forth below in Table I. 



TABLE X 
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[0039] The lesults clearly demonstrate the crosslink development upon addition of the base to the gelled fluid. The 
so above test is repeated utilizing a 9 pound per gallon (1078 g/€) density CaCI 2 brine instead of tap water. The results 
of the lest are set forth in Table II, below 
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EXAMPLE II 

per gallon (1078 Qfr) donsl^cK 

eva.ua,., a, 1W ( ^C). Toe ^^S^S^T," FANN — » — - 

TABLE III 



55 




J-lhT p!' L'iSST PeratUfe ™ C ' ea ^ de — -^-bimyonne 



crosslinked gel formed in 



7 



EP 0 604 115 B1 



10 



EXAMPLE 111 

[0042] Tofurtherdemonstratemecross^^^ 

following tests were performed. ^ ion «niin«*iBar lOOOoallons (14g/€)of fluid was prepar dTheaqueous 

[0043] A polymer solution corresponding to 1 20 pounds per loou 9*"°"^ JgL £ |to (1078 g/^ 

fluid used was either 2% KC. solution prepared in water contemns ]^^^^SuS^ the addition 
density CaCI, brine. The polymer was hydrated by two '^^^^^^^^.^ fluid during 
of the gelling agent to a quantity of aqueous fl ^.™^^^ ?g% H C . equivalent to 10 gallons 

mixing. Hydration method II was the same as 1 with ^^^^^^^^^^^^Mea 
(380/1000 gallons (37B£tf) of solution to accelerate the rate of hydrate. Q"™!.ot y a nou i 
wth the gel in order to determine the crosslinkability. The results are set forth n Table IV, below. 



TABLE IV 
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EXAMPLE IV 

[0044] To evaluate the etlect of the crossed gel of the present ^^^ZTZ^P^ 
Olowlng regained permeability test was performed uttong a "J^^^^H^er slee ve and a 1 .9 
a fluid temperature of ISO- F (66'C). The core sample ■ i placed «JJ^^ , J^So psi (about 1373952 
cm hollow stainless steel spacer is positioned on top °^^_^"' u * ^ -" applied to tho core initially, 250 ml 
Pa) above ,ho highest head pressure ^^^^^^2^ any carbonates from the 
of 15% HCI is flowed downwardty through the core at 50 ps. p . tj , stable Bow rate 

cor . Heated API brin then is flowed upwardly through the core at20 J^J,^*^'* 200 mlsample 
is achieved ,o d termine the initial cor permeability. ^^.^^^^l^MnB activator with 
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applied to the reservoir containing, the crosslinkec I fliT ™ P " d 500 (abou1 3447380 Pa) Pressure is 
^*the Hassler sleeve is ^ 

500 ps. (about 3447380 Pa) pressure on the resets Ss£ A "** th8 " * Ctosed «" d *• 

to clean out the mandrels and hollow spacer. AfterXpro^ma.et to * fl ° Wed across the 

Hassler sleeve is shut in for about 2 hours to permit the acXblf .h across 1,16 top °< the core, the 

ml of 15% HCI is flowed across the core to fluT*™ rfZ 9eL ™ e valves are °P e "ed and a further 50 
Heated API br™ then is flowed at mS^SJ^^ ^ mandfe,S ~« "°«°w^ 

achieved and the regaled perrrmabi.ity^caS,^ ' ,he core ^P' 9 stable flow is 

J P— »*n dens« y (1 07B a,). 

^^^^ 



EXAMPLE V 



^'"^^Pound per 1000^ were prepared corre- 

conta.ned ungrafted HPG, the second sample confined qraft^HPr h ^ ^j 10 ' 8 *"> CaCI 2 brine ^ «* sample 
9allon (380 per 1000 gallons (378a?) fluid of 15% HCMh^ V*** ^ PreSenCe of *• equiwlant of 10 
addition The grafting was effected ai sot tnh £££ J and v^^f HPG ^ ^ ™ 

No. 1 and 3 were admixed wrth MgO in an amount^qu^lenfto , o^, ^ 01 th ° c °P°»V™r- Samples 

ormofa„ aqueoussloriv . S-mpto K aeonl^^HaS!^ ^ ^7 9 a,,ons < 1 9/0 base gel inthe 
(2*/) base ge .. The resu.ts of the test are se , ,ort h in T^e v ^.ow °' 1 5 P er 1 000 9*"°"* 



TABLE V 
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70 



15 



EXAMPLE VI 

[am Toder^stratethestabil^o^^^ 

Cowing test was performed. Samples wer ^3^^ unds per 1 000 gallons (1 4 g/€) of fluid 

agent was that of Example I and was present ,n ^ ar ™"J^ 5% ^ C I was added to the gel to accelerate 

Tne equivalent ot 10 gallons (380 per 1™%^*™?*^^ is setforth in Table VI. The samples then 
hydration. The quantity of MgO crossing act ,v ^ a ^ t ^ a ^S eof Magnesia bottles. Each sample included 
were placed in 12 ounce water (591 cm3)sa mple a otventionally used gel stabilizer, to asstet n 

30 pounds per 1000 gallons (4 gK) of fluid of ^.^""^^L, <* ea* of the crosslinked gel samples 
stabbing the fluid samples. Atte^ 

rnCgeTXrrS 

TABLE VI 



20 



25 



30 



35 



40 



R Sampie. ..j 

r i 

2 


lQ.5#/gal NaBr 
l0.5#/aal NaBr 


20(2.4g/€) 

30(4g/O 


I 3 


8.6#/gal NaCl 


20(2.4g/€) 


4 


8.6#/aal NaCl 


30(4g/€) 


5 


l0.0#/aal NaCl 


20(2.4g/€) 


6 


10.0#/aal NaCl 


30(4g/€) 


7 


3% KC1 


20(2.4g/€) 


. 8 


3% KC1 


30{4g/€) 


9 


Synthetic seawater 


20(2-4g/€) 


10 


Synthetic seawater 


30(4g/€) 


11 


Synthetic seawater 


20(2.4g/<) 


- 


Synthetic seawater 
+3% KCl 


30(4g/€) 

- 



45 



SO 



55 



10 
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TABLE VII 



w 



s 



0 




y: 1 

F.W. : 



marble supported on gel surface 



bottle ™=. £ ^ e Water P res ent in sample 
bottle, marble on gel surface P 

water ring around gel in 
surface Sample b ° ttle ' narble °« *•! 

^.'i^VSS, P-sent and 



L: = 



sample bottle cap seal 

leaked, no data collected 



pZI. - gS^ P-n, invents carry a partite such as 

formation. 6XpOSed to e,evated 'smperatures such as might occur in a subterranean 



Claims 



one divalent cation, (ii) a polymer derivative ^^Z^ * contammg at least a trace amount of at least 

hydroxyethylcefluto^ 

and(iii)acrc*s,inkingac.i^ 

polyvalent metal ions. 3 Brons, ed-Lowry base which is substantially free of 



2. A method according to claim i . wherein the polymer 



is reacted with a vinyl phosphonic acid in a reaction medium 



comprising at least one of tati»m«h„i = „ • " — ""'J' P n °spnonic acid in a 

redox initiator. "tramethy! ammonium ch.onde, polyethylene glycol and polypropy,, 



ene glycol, and a 



3. A method according to claim 2, wherein the 



reaction medium also includes a dispersant. 



4; -rx=rr^^^ 



6. A method according to any of claims 1 to 5. wherein 



the crosslinking activator comprises magnesium oxide. 



11 
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and diethylamine. 

a. A method acceding to any of Caims 1 to 7. wherein the redox system composes a peroxide and a r*eta. ion 

reductant. 

9. A method according to ciaim 8, wherein the metal ion reductant comprises a source of ferrous tons. 
Patentanspruche 

1. VorgehenswefcedesTreatingse^ 
gen'derFormattonmneinerTrea^^ 

die wenigstens eine Spurmenge wenigstens e,nes zw " w °*9°^ und Hydro- 

durch die Reason von e,nem Oder mehreren Po * m 3< reagiert wird sowie (Bi) 

f rei von polyvalenlen Melallionen isl. 

einem Redoxinitiator besteht 
3 Vorgenensweise nach Anspruch 2, bei der das Reaktionsmedium eben.a.ls ein Dispersionsmitte. enthaK. 

S Vb, 9 .hb„sw.*b r„eb *- A™p.0bh. , bib ., M *, die Ration, d* da. Po*™*** ««• 

wirt [m einer Tsmperalur im Berek* von 20- bis 60> C .rtdlW. 
6. nach binen, d« Anbp.Oen. 1 Ms 5. wobbi *.»««— ■» ".^rnoxidbbs.bb,. 

aus Borsaure und einem Borsalz und Diethylamin ausgewahlt wird. 
8. Vorgehensweise nach einem der Anspruche , bis 7. bei der das Redoxsystem ein Peroxid und ein Meta.Honre- 

duktionsprodukt umfaBt. 

a Vorgehensweise nach Anspruch 8, bei der das Meta.NonreduKtionsproduKt eine Queiie von Eisenionen umfafM. 



Revendicatlons 
1. 



2. 



Unproc^edetraitementd^^ 

avec une composition de fluide detraitement qu. se compose dun melange^ de w «V J davantage 
moins une trace d'au moins un cation bivalent, (ii) £^ acide phol 

des po^res guar, hydroxypropyl-guar • M^'^ ^ t^SS^SS^ comportan, une 

polyethyleneglycol et polypropyleneglycol at un inrtiateur redox. 
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3. Unprocec.es ton .a revocation 2. seton lequel . mB.ud,rt^oortl«4B-^un^d.dl^ori" 
*• S< "°" " 8 '«"»' « -"«« » loo. «.«=.«,»,* capons „„«, ^ tftols 



15 



£0 



25 



30 



35 



40 



SO 



SS 
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aucnrv-nrv ,cd ne<uiicai i 
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